The purpose of this paper is to develop a new long-life electrical contact. The ability of copper-reductant composite by which the reducing agent with a size of 50 nm or less was distributed inside to extend a sliding life as a slide member for electrical contact was studied. After investigating that L-ascorbic acid as a reductant reduces cupric oxide to copper at room temperature, formation of the copper-reductant composite was tried by the composite plating using the aqueous solutions of a mixed-ligand copper(II) complex with L-ascorbic acid and 1,10-phenanthroline. In the obtained composite film contact, L-ascorbic acid as a reductant and 1,10-phenanthroline were probably distributed in 20 nm or less size, and the sufficiently longer sliding life was shown in slide testing than the plated copper film contact.
Introduction
Electronic products are driven by market to be smaller and more multifunctional, and at the same time, larger range heat cycle resistance properties especially by in-vehicle market. Fine-pitch and multipolar electrodes joining by not only soldering but also electrical contacts are essential to assemble the components into a unit. Layers of cuprous and/or cupric oxide often are formed on the surface of the copper used for the electrical contacts. 1, 2) Layers of stannous and/or stannic oxide also are formed on the surface of tin plated electrodes. 3, 4) These metal oxide layers and wear metal oxide particles formed by fretting corrosion caused by repetition slide between each slide members often increase contact resistance of the electrical contacts. 5) A fretting corrosion occurs notably in the electrical contacts which have longdistance repetition sliding surfaces caused by the increase of the difference of the thermal expansion between each slide members in the electronic products applied in large range heat cycle. The use of nickel/gold plated electrodes provides one solution for avoiding the fretting corrosion, where the surface of the electrode is covered with a non-oxidizing plated film of gold, so the fretting corrosion does not occur. However, this method is not practical due to high cost, because very thick gold plating is necessary as a long-life electrical contact with enough wear life-span.
Shitanda et al. have reported that a metal-(corrosion inhibitor) composite for the electrical contact could be deposited by the composite plating from a plating bath as a mixture of metal salt and microencapsulated corrosion inhibitor such as benzotriazole. 6) This composite was reported to have sufficient ability of corrosion inhibition in aqueous solution of chloride and sulfate ions. But, this composite will have insufficient ability of corrosion inhibition of wear particles in use for electrical contact. In the several slides of electrical contact, the corrosion inhibitor will not exist in the wear particles from this composite, because the distributed size of the corrosion inhibitor in this composite is larger (about 50 µm) than the presumed size of wear particles in several slides (about 50 nm or less). Therefore, this composite will be not effective for the longlife electrical contact. Recently, the coating by which a corrosion inhibitor with a size of nano-level was distributed inside has been studied, 7) but no example of the study on a metal-(corrosion inhibitor) composite for electrical contact is found. Although a metal-(fluorocarbon resin) composite aiming at increase of water-repellency has been also reported, 8) similarly this composite will be not able to be used for the long-life electrical contact.
If an ingredient with such an antioxidant function can be uniformly distributed in metal in the distributed size of about 50 nm or less, oxidization of the wear particle generated by the electric contact slide will be inhibited, increase in contact resistance will be prevented, and the outstanding long-life electric contact will be obtained. In this paper, the implementability of the long-life electrical contact using the composite by which the reducing agent with a size of 50 nm or less was distributed inside as mentioned above was studied. The process in which such long-life electrical contact functioned and the characteristic as the result are shown in Fig. 1 in contrast with a conventional tin electrical contact.
The reducing agent distributed in metal needs to have the capability to reduce metal oxide at room temperature. As such a reducing agent, especially the author has paid attention to the ascorbic acid which is used as an antioxidant additive for food and as the oxygen scavengers for the reduction of dissolved oxygen in water. 9, 10) Next, the author has paid attention to the composite plating method as a method of distributing ascorbic acid as a reducing agent among metal in the distributed size of 50 nm or less. However, in the method of microencapsulating and distributing in a plating bath, as described previously, the distributed size in metal becomes large. Then, the author has paid attention to the reports of some mixed-ligand complexes in the copper(II)-ascorbic acid (H 2 Asc)-phenanthroline (Phen) and copper(II)-ascorbic acidbipyridyl (Bip) systems. Korotchenko 12)
The structures of the compounds are shown in Fig. 2 . The presumed structures of the mixed-ligand complexes are shown in Fig. 3 . The author has thought that the copper composite by which ascorbic acid was distributed on the nano-level (molecular-level) might be obtained by the complex plating method which uses the aqueous solution containing these complexes as a plating bath. In this paper, the implementability of the long-life electrical contact using the copper composite by which the reducing agent with a size of nano-level was distributed inside by such composite plating was studied.
Experimental Procedure

General procedures
Commercially available L-ascorbic acid (1), 1,10-phenanthroline (2), 2,2A-bipyridyl (3), cupric sulfate pentahydrate, and sulfuric acid were used without further purification. The specimens for slide testing were as follows:
-Specimen 1. Embossed phosphor-bronze plate (0.5 mm thickness). -Specimen 2. Phosphor-bronze plate (0.5 mm thickness). The configurations of the specimens are shown in Fig. 4 .
Reaction of L-ascorbic acid with cupric oxide at
room temperature An aqueous solution of L-ascorbic acid (1) (1.71 M, 0.41 g) and cupric oxide powder (0.53 mmol) were put into a glass vessel (10 mL) under atmosphere, and left at room temperature for 24 h. The contents in the vessel were filtered and washed with ethyl alcohol (50 mL). The solid content was analyzed using an X-ray micro analyzer (EPMA1600 Shimadzu) and analyzed by X-ray photoelectron spectroscopy (Axis-Ultra Shimadzu/Kratos) to determine the reduction rate of the cupric oxide. (15 mmol), or 2,2A-bipyridyl (3) (83 mmol) was added to this solution and stirred at room temperature, ion-exchange water was added until a gross quantity of the solution became 1 L. These solutions were used as a plating bath. The specimen 1 and 2 were dipped in the plating bath as the cathode, and the copper plate was dipped as the anode, and an electric current of 6 A/dm 2 was applied through these electrodes by the plating bath for 4 min at room temperature. The plated specimen 1 and 2 were washed with water. The contents of copper, carbon and oxygen element in the plated film as copper-reductant composite on the specimen 2 were analyzed by glow discharge optical emission spectrometry (GDA750 Rigaku). The plated film on the specimen 2 was cut aslant using a surface and interfacial cutting analysis system (SAICAS: NN-04 DAIPLA WINTES), and the surface and internal elements of the plated film were analyzed by X-ray photoelectron spectroscopy (Axis-Ultra Shimadzu/Kratos), and the distributed size of L-ascorbic acid (1) and 1,10-phenanthroline (2) in the plated film was analyzed using a transmission electron microscope (JEM-2010FEF JEOL).
Slide testing
The life of the electrical contact using the copper-reductant composite formed by above-mentioned plating method was evaluated by micro slide wear testing. The stability of contact resistance of the electrical contact was used as an index. The plated specimens 1 and 2 were set to a position facing each other, as shown in Fig. 5 . Slide load was repeatedly impressed with the amplitude of 50 micrometers to the specimens, impressing the load of 3 N. During the testing, contact resistance was always monitored. The examination was ended when contact resistance amounted to 10 or more times of an initial value. A resistance meter (Multi meter 2750 KEITHLEY) was used to measure contact resistance.
Results and Discussions
Reduction of cupric oxide by L-ascorbic acid at
room temperature The ability of L-ascorbic acid (1) to reduce cupric oxide at room temperature was investigated. Cupric oxide powder was soaked in aqueous solution of L-ascorbic acid (1) under atmosphere at room temperature for 24 h. The surface of the cupric oxide powder was analyzed using an X-ray photoelectron spectrometer. The result is shown in Fig. 6. (a) Before treatment, the Cu2p 3/2 peak due to cupric oxide at 933.8 eV appeared distinctly. (b) L-ascorbic acid (1) reduction of cupric oxide effectively proceeded. The Cu2p 3/2 peak due to cupric oxide at 933.8 eV decreased in intensity. A new Cu2p 3/2 peak at 932.5 eV due to copper metal and/or cuprous oxide appeared. And the cupric oxide powder treated with L-ascorbic acid was analyzed using an X-ray micro analyzer to determine the reduction rate. The reduction of cupric oxide proceeds in the yields of 61%. These results show that the reduction of cupric oxide by L-ascorbic acid (1) took place at room temperature. The presumed chemical equation of the reduction of cupric oxide by L-ascorbic acid together with the chemical equation of the oxidation of L-ascorbic acid by oxygen is shown in Fig. 7 .
Formation of copper-reductant composite
In expectation of the formation of copper-reductant composite by which the reducing agent with a size of 50 nm or less was distributed in side, the composite plating using the aqueous solutions of mixed-ligand copper(II) complexes with ascorbic acid (H2Asc) and phenanthroline (Phen) and bipyridyl (Bip) were tried. The composite plating using the aqueous solution of cupric sulfate pentahydrate, L-ascorbic acid (1) and 1,10-phenanthroline (2) was carried out. In this solution, the mixed-ligand copper(II) complex with L-ascorbic acid (1) and 1,10-phenanthroline (2) [CuHAscPhen 2 ] + (4) will be formed as Korotchenko et al.
11)
reported. In a similar way, the composite plating using the aqueous solution of cupric sulfate pentahydrate, L-ascorbic acid (1) and 2,2A-bipyridyl (3) 12) reported. The crosssection of the plated films visualized by scanning ion microscopy are shown in Fig. 8. (b) The crystal grain size of the plated film from the composite plating bath containing 1,10-phenanthroline (2) is very small compared with (a), (c) the plated film from a copper plating bath and the composite plating bath containing 2,2A-bipyridyl (3). The contents of copper, carbon and oxygen element in the plated films analyzed by glow discharge optical emission spectrometry are shown in Table 1 . (a) In the plated film from copper plating bath without any ligand, the content of carbon and oxygen element were 0.5 and 0.9% respectively. (b), (c) In the plated films from the composite plating baths containing 1,10-phenanthroline (2) and containing 2,2A-bipyridyl (3), the content of carbon element increased to 1.1 and 0.9% respectively, and the content of oxygen element also increased to 5.2 and 2.1%. In the plated films from the composite plating bath containing the complexes, the contents of carbon and oxygen elements increase compared with the plated film from a copper plating bath without any ligand. These results suggest a possibility that L-ascorbic acid (1) exists in the plated films. Hereinafter ingredients of the plated film from the composite plating bath containing 1,10-phenanthroline (2) were investigated.
The surface and internal elements of the plated film from the composite plating baths containing 1,10-phenanthroline (2) was analyzed by X-ray photoelectron spectroscopy. The results are shown in Fig. 9 . The O1 S peak due to organic oxygen at 532.7 eV and the N1 S peak due to organic nitrogen at 400.2 eV appeared distinctly. These results suggest a possibility that the ingredients originating in L-ascorbic acid (1) and 1,10-phenanthroline (2) exist in the plated film. The O1 S peak due to organic oxygen and the N1 S peak due to organic nitrogen probably originate in L-ascorbic acid (1) and 1,10-phenanthroline (2) respectively. The distributed size of L-ascorbic acid (1) and 1,10-phenanthroline (2) in this plated film was analyzed using the transmission electron microscope. The results are shown in Fig. 10 . The carbon and oxygen elements as an organic compound ingredient are uniformly distributed in the plated film in 20 nm or less size.
From the above results, it is likely that a copper-reductant composite film which L-ascorbic acid (1) distributed in the distributed size of 20 nm or less as a reductant ingredient was obtained by the complex plating method which uses aqueous solution containing copper-reductant-ligand complex as a plating bath.
Evaluation of sliding life
The sliding lives of the copper-reductant composites as an electrical contact were evaluated by micro slide wear testing. Figure 11 shows the relation between the contact resistance and the number of times of a slide. The electrical contact using the composite plated from the composite plating bath containing L-ascorbic acid (1) and 1,10-phenanthroline (2) showed steady contact resistance even after 5000 times of a slide. In contrast, the contact resistance of the electrical contact using the copper film plated from a conventional copper plating bath increased sharply after 5 times of a slide. The long-life electrical contact using the copper-reductant composite distributed the reducing agent inside was realized.
Conclusion
The implementability of the long-life electrical contact using the composite by which the reducing agent with a size of 50 nm or less was distributed inside was studied. acid (1) as a reductant ingredient and 1,10-phenanthroline (2) distributed in the size of 20 nm or less was obtained by the composite plating using the aqueous solutions of the mixedligand copper(II) complex with L-ascorbic acid (1) and 1,10-phenanthroline (2) [CuHAscPhen 2 ] + (4). The electrical contact using the composite plated from the composite plating bath containing L-ascorbic acid (1) and 1,10-phenanthroline (2) was found to have the sufficiently longer sliding life than the conventional copper electrical contact. The author therefore proposes a new long-life electrical contact using the copper-reductant composite.
